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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a practical photographing lens system whose 

SOLUTION: This lens system is composed, in order from the object side of a first 
^? rl l COI ! ipOSed ° f a first P° sitive meniscus lens LI whose convex sZaT 



confronts the object side, a second positive meniscus lens L2 whose convex surface 
con-fronts me object Slde> a third negative meniscus lens L3 whose convex surface 
SS^L^^f ^ - Ration ™* F. a fourth Te^f 



^ S y e ™« a *f lens L5 of biconvex shape; and a second group Gr2 
composed of a sixth lens L6 of biconvex shape, ml , m2 typically represent fte 
movement of the first group and the second group at the tL of Wm g from a 
focusmg state at mfimty to a focusmg state at the closest photographing CaTe The 

fte Se P ^f lenS h r em / erf0nnS abCITati0n COITeCtl ° n at a ^ ose dfstancety movmg 
fte whole system while widening an interval dl 3 between the first group Gr 1 and the 

second group Gr2 at the time of focusing from the focusing state at mfmity to the 

focusing state at the close range. ^ 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



2 ^T^? ^ b f n *f sIated ^ So the translation may not reflect the onginal precisely 

2. **** shows the word which can not he transit 3 onginai precisely. 



2.*"" shows the word which can not be translated 
3. In the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 51 




[Drawing 7| 
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[Drawing 8] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 11 The lens plot plan of the infinite distance focus state of the taking-lens system of an example 1 

Prawing 2] The lens plot plan of the infinite distance focus state of the taking-lens system of an example 2 

[Drawing 31 The lens plot plan of the infinite distance focus state of the taking-lens system of an example 3 

[Drawing 4] The lens plot plan of the infinite distance focus state of the taking-lens system of an example 4 

[Drawing 51 The lens plot plan of the infinite distance focus state of the taking-lens system of an example 5 

[Drawing 61 The ** type view explaining improvement of an out-of-focus image 

[Drawing 71 The graph showing a permeability distribution of the usual optical system 

[Drawing 81 The graph showing a permeability distribution of apodization optical system 

[Drawing 91 The graph of the response function of the usual optical system and apodization optical system 

[Drawing 101 The cross section explaining the composition of an apodization filter 

[Drawing 111 The cross section showing an example of an apodization filter 

Prawing 121 The graph which shows an example for the permeability of an apodization filter 

[Drawing 131 The aberration view of the taking-lens system of an example 1 

Prawing 141 The aberration view of the taking-lens system of an example 2 

Prawing 151 The aberration view of the taking-lens system of an example 3 

Prawing 161 The aberration view of the taking-lens system of an example 4 

Prawing 171 The aberration view of the taking-lens system of an example 5 

Pescription of Notations] 

Grl : The 1st group 

Gr2: The 2nd group 

Gr3 : The 3rd group 

A: Drawing 

F: Apodization filter 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation 

3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention! '" --" 

[0001] J 

camera. amendment (so-called floating) mechanism suitable as a taking lens of a 

[0002] 

main photographic subjects appears 8 out-of-focus image of the portion used as backgrounds other than 

state (called 2 line dotage) of fading as if there were fa st^e wherlZt ft I ^ T 8 * 3ppearS ' leavin 8 *e heart of the 

and the one haxrs, and the hair when the S7£££££^^ ^ ^ ** £3r ° f Ja P«*« P 3 "^ grass, 

[0005] When a photography scale factor nh<2* „ * P™ to & a P h be ™& into an example for example, 

1 /four to 1/2, since b^oZl ^C^l ^111™°?.^ Sub J ect using the macro lens which are about 

ES h ° W * ° Ut -° f - f ° CUS i^^T^ST^ 3S m ° Ut -° f - fOCUS ^ - *°°* a " -es, 

Lreale^aS 

at unprovement of an out-of-focus nnage is propoLX U S JP 3 ? 4 3 23 s R T Tf l ° ^ 3X15 38 3 lens 
system of the triplet composition which consists 0 f a ^onveJte^w ' ' f** ? >Wn t0 ^ ^ exam P le of Ae lens 
biconvex lens is indicated sequentially from * ?^S^Sr / J" 8 * 311 3p ° dlZatl0n fllter > - 
intensity distribution of an out-of-focus image are ch InTd tThlt 8 t ° th£ . len « s y stem Seated by this official report, the 
[SOT 01 * - d * * ^sed that an ZSfZ^ l^oTd ^ **" ^ " ^ ,S C3,led 

j-*-. ^=«^^ 

D^~ 

the apodization filter arranged near [ dS^ J^ZT^dt ^7 Tu h " ** ^^ns system which has 

changing at least one lens group interval from I mfiS 1S f charactenzed b y mo ™8 the whole system to a body side 

Photography distance focus state * StanCe fOCUS St3te ° n ^ occasion °f focusing to a contiguity 

of the above, and focusing fromVmfinite ^Z^^T^uZT^ IT" "? ^ " Shdl 3t lst S™P 

ofTS?"^ 
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^^^^^^^^^^^ 

[0012] 



Pmbodunents of the Invention] Hereafter, the taking-lens system which earned out this invention 1S explained, referring to a 

Nation oSu^^SSS^^^^^^^ sho ^ - " ^££5 show Really the 
the maximum contiguity photo^^tl^s § ^ f ° CUSme ^ ^ ^ dlSt3nCe f ° CUS State of lllus ™™ to 

was turned to the body side the 3rd I lens L3 of ^he nllt ? ^ memSCUS confi 8uration where the convex 

drawing A, Shell compS'on is earned out wir£ th fT "* rT 1 S Uratl0n where c ™ex was turned to the body side, 

state, and is perforrning ,he short-dL^ ab«Ta t i«L»to C< " , ' ,gU " 5, P""**"* 1 * «»» 

group Or 1 whT^^ISr^S^^ ™ y ' T" 8 A ' She " "^O" » carried out wlh ore 1 9 
apodizauon filter [ whrch is ££££ ] Ftd^ST^SSSSiSSS """" "J** W * S ^ * 

group Gr2 which consists of the 7th im< I 7 if h„ti, ? otn lensLo ot both the convex configuration, and the 2nd 

rnovel the whole sysSo a i^ysi te^^^l^,^*™- ^ f" 8 """ 5 SySlem of 2 ° d "P*^ *** 
2 ) of the 1 st group Or 1 and SnSouo Si fn t ° »rrespo„<tag w the axial upper surface interval du in thawing 

cons 1S ts of the apodization filter F nn££^*S£^ c ° m P°f on is earned out with the 2nd group Gr2 which 
configuration, and the 3rd group ^0^ ^^?^ ' "* ^ ^ ^ L5 ° f b0th ^ Convex 
focusing of the taking-lens system of&eZ nZlll t ni L6 of both the convex configuration. When carrying out 
distanJfocus state, T^^^^T^^^^ ^ ^ *«° * * «^S4™phy 
2nd group Gr2 is narrowed, and thTwSsTe'ri is moved to a bn^ TT"*? 6 ^ d6) ° f ** lA ^ &1 ^ 

Srn^^ 

mentioned later, the both concave-like lens S Ae Sens UrfloS?^ M ™™ s * Ration filter F 
the convex configuration, Shell composition "s carted out wTh ,h, f h the convex configuratton, and the 6th lens L6 of both 
L7. an octavus lens L8 of the negarTmenTscu^ SS^fhf° UP * * ^ b0th concave -^ 7th lens 

of both the convex configuration m^Zi^S^Z^^ 7™ WaS tUmed t0 * e body side > md 9th len * L9 
infinite distance focus Xto^SS^^S^ ^"^v. 3 ^ ° f ^ 4th °P eration ^ *™ an 
axial upper surface interval d6 TS^Xf^TZ ^ZT^ * ^ > * to the 

side, extending the interval (it corresDonSo the 1^,7 , ^ P 18 naiTOWed > 311(1 ^ whole system is moved to a body 

was turned to the body side the 3rd lens L3 of rtS „S ? ^ memscus configuration where the convex 
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generated in contigutty photograph 4sTan« P J ' """^ "° d *° SUpprcss chan ^ <* the aberration 

bS^S » whtch has an apodizauon fflter 

factor is larger than the case of 2 grou^ compo^on ^ * ^ * ^ ^ m ^ fidd Where a P^tography scale 

shown. The point light source P forms *•*♦ F bv Con^^T ? ? ^ ° Penmg w ^ an optical axis is 

which separated only delta from Seal n\*Jl a ' T f plaM by knS SfStaa L " Moreov ^ out-of-focus image P" 
[0028] ^a^oJ^Zi^^l^^^^^ ° Ph t 3Xis Which has a - -spect of S :s formed, 
light source P and lens system * th f ll CMe ° f if™ 1 P hoto 8raphy, the distance of the point 

about 'out-of-focus image P [ £ ^parallel field S / to * T § , ^ -;. th u e c out -° f - focus "™g* P - suppose that it argues 

l^TT r ace s ^^^^^^sx u peimgx mage p " of 1116 pomt ,ight 

radius hi is given un'age P" of the SS«Z p ' When absor P tlon W W<* is set to 0 by the effective 

distribution Se sinXfo! p™E C£ ""^ -T ^ ^ ^ whlch ***** 
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near the optical axis and it goes on the outskirts. 

[003 1] Since ordinary photographic subjects are considered to be the aggregates of the point light source from which brightness 
differs, it will fade softly, the out-of-focus image of a lens system with which permeability [ of opening ] tau (h) has a distribution 
like drawing 8 leaving the heart to a center, and can obtain a good out-of-focus image. The above is the principle of improvement 
of the out-of-focus image by apodization. 

[0032] It is mentioned that the effect over the out-of-focus image does not ask the position of Field S, the amount of defocusing 
the dotage after front dotage, etc. as a feature of apodization. That is, even if Field S is located in which position so that clearly ' 
also from drawing 6 , out-of-focus image P" of the point light source P becomes the image with which intensity decreased as it is 
bright m the center near the optical axis and it goes on the outskirts, as long as the effective diameter of lens system L is 
penetrated. 

[0033] Furthermore, improvement of the out-of-focus image by apodization is explained using a response function. Drawing 9 is 
a graph which shows the response function of the out-of-focus image in the field which separated only delta from the focal plane 
m (b), when it has permeability tau (h) to which it decreases as it separates from an optical-axis center which is expressed in the 
following formulas (B) as (a) in the direction perpendicular to an optical axis, when opening of a lens system has fixed 
permeability tau (h) which is expressed with the following formulas (A) 

tau(h) =1 (A) 

tau(h)=l-h2 (B) 

Moreover, in the graph of drawing 9 , a response expresses the response value normalized so that spatial frequency s might be 

served as by the horizontal axis and a vertical axis might be served as to 1 by spatial frequency s= 0. 

[0034] A response function is also called OTF (optical transfer function), and shows the frequency transfer characteristics 

between a photographic subject's spectrum and the spectrum of an image. After calculating the wave aberration in a pupil 

depended out-of-focus and asking for a pupil function, the response function of an out-of-focus image asks for **** intensity 

distribution from this pupil function, and is drawn by carrying out the Fourier transform of these **** intensity distribution 

further. 

[0035] After a response function in case the permeability of opening of a lens system is a fixed value decreases rapidly in the 
low-frequency component of spatial frequency, it takes a negative value once by about one spatial-frequency s=s and shows the 
show ^ WhiCh SerV6S ^ a P ° sitive by ab0Ut ^ s P atial - fre quency s=s further, so that the graph of drawing 9 may also 

[0036] In the low-frequency component of spatial frequency, monotonous reduction of the response function in the case of on the 
other hand, decreasing as the permeability of opening of a lens system separates from an optical-axis center in the direction 
perpendicular to an optical axis is carried out gently, and after taking a slightly negative value by about two spatial-frequency s=s 
the property (b) which serves as a positive value again is shown. 

[0037] Generally, the low-frequency component of spatial frequency forms the outline composition of an image, and a high 
frequency component has the operation which corrects the outline composition of the image formed of the low-frequency 
component. Moreover, the state where a response function takes a negative value is called spurious resolution, and is equivalent 
to the state where the phenomenon of negative positive reversal in which a black portion becomes white and a white portion 
becomes black has occurred, by the actual picture. 

[0038] It is thought that the picture based on the property of (a) that permeability is fixed has the large reduction in a 
low-frequency component, and the outline composition of an image is seldom reproduced. Moreover, the spatial-frequency ranges 
which will be in the state of spurious resolution since the range used as an about one spatial-frequency s=s negative value is large 
are latus. Furthermore, it can be said that the very unnatural image is formed from vibration of the response function in a high 
frequency component being remarkable. 

[0039] The picture based on the property of (b) that on the other hand permeability decreases as it separates from an optical axis 
has the small reduction in a low-frequency component, and the outline composition of an image is reproduced more Moreover 
tnnlm 8 ! of spunous resolu t">n is also small and vibration of the response function in a high frequency component is also small 
[0040] As mentioned above, in the case of the lens system which has opening to which permeability decreases rather than the 
lens system of fixed opening of permeability, the skeleton of the picture in an out-of-focus image has clarified and it can be said 
that it is fading automatically as it separates from an optical-axis center in the direction perpendicular to an optical axis If it puts 
in another way, it can be said that the out-of-focus image of a lens system with which a response function has the property of (b) is 
in the state where it is fading softly, leaving the heart to a center. 

rnn!I! T^' ^J""? ° Ut fte out -° f - focus is improved by apodization also from the field of a response function 

L0042] A [apodization filter], next an apodization filter are explained, the 1 - mentioned above - the apodization filter currently 

mn^TS ? C • ? operatlon 8 estalt is manufactured using the matter (ND glass) which has an optical absorption 

[0043 J If the influence by surface reflection of a lens is generally disregarded when the flux of light penetrates a lens the 

transmitted light intensity I is expressed with the following formulas (C) 

1=10, exp (-alphat) (C) 

however, 10:incident-light intensity, alpha: absorption coefficient, and the thickness of Mens - it comes out 
[0044] In the above-mentioned formula (C), since an absorption coefficient alpha is a constant determined by the lens medium 
Ae transmitted light intensity I to the incident light of fixed intensity will be determined by only the thickness of a lens 
[0045] Using this property, the lens which has absorption to which permeability decreases can be manufactured as it separates 
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from an optical-axis center in the direction perpendicular to an optical axis. That is, since thickness will increase as the lens 
separates from an optical-axis center in the direction perpendicular to an optical axis if an absorption coefficient alpha 
manufactures a common concave-like lens using a big lens material as shown in drawing 1 0 , it becomes the lens which has 
absorption toward the circumference from the center of a lens. 

[0046] Hereafter, a permeability distribution of such a common concave-like lens is shown. In drawing 10 , t, then thickness t are 
expressed [ radius of curvature / of the concave surface of a lens ] with the following formulas (D) by geometric calculation in the 
thickness of the lens in height h from r and an optical axis. 
t=r-root (r2-h2) (D) 

In the above-mentioned formula, if a binominal expression is carried out noting that h is small as compared with r, thickness t can 
be approximated to the following formulas (E). 
t**h 2/2r (E) 

If this is substituted for the (C) formula, the following formulas (F) will be obtained. 
1(h) =10, exp (- alpha-h 2/2r) (F) 

Following formulas (G) Since it is the ratio of the incident-light intensity 10 and the transmitted light intensity I, obtain 
permeability tau (h). 

tau(h) =I(h)/I0=exp (- alpha-h 2/2r) (G) 

The above-mentioned formula (G) shows Gaussian distribution. When a plano-concave lens like drawing 10 is actually 
manufactured, since approximation by the binominal expression is performed in the above-mentioned formula (E), it does not 
become perfect Gaussian distribution but becomes the abbreviation Gaussian distribution from which it separated slightly from 
Gaussian distribution. That is, if the lens of the shape of a common concave like drawing 10 is created by the medium of an 
absorption coefficient alpha, abbreviation Gaussian distribution and a bird clapper understand permeability tau (h). 
[0047] In drawing 6 , when permeability [ of lens system L ] tau (h) is abbreviation Gaussian distribution, the intensity 
distribution of out-of-focus image P" of the point light source P formed in Field S as mentioned above also turn into abbreviation 
Gaussian distribution similar to the permeability distribution. 

[0048] By the way, it is known that the Fourier transform of Gaussian distribution does not have a negative value. Therefore, the 
response function which carried out the Fourier transform of the **** intensity distribution of out-of-focus image P" which is 
Gaussian distribution will have only a positive value. 

[0049] Since the above-mentioned plano-concave lens has the permeability of abbreviation Gaussian distribution, in the lens 
system containing this plano-concave lens, its range of the spatial frequency which the response function of an out-of-focus image 
becomes most [ the portion which takes a positive value ], and spurious resolution generates is very small. Moreover, a response 
function can also obtain a natural out-of-focus image from monotonous reduction and a bird clapper. 
[0050] As mentioned above, the lens which can acquire the effect of apodization can be manufactured by using ND glass. 
However, as shown also in the (G) formula, since permeability tau (h) is the function of the radius of curvature of the concave 
surface of a common concave-like lens, in order to obtain a desired permeability distribution, the value of radius of curvature will 
be restricted. This will restrict the flexibility on the design of optical system greatly, and is not desirable. 
[005 1 ] then, the 1 - with the 5th operation gestalt, it is considering as the apodization filter by joining a concave surface and a 
convex using the plano-convex lens which has the concave surface of the above-mentioned plano-concave lens, and the convex 
with the same radius of curvature The material of such a plano-convex lens has a plano-concave lens, a refractive index, and the 
same Abbe number, and it is desirable that it is made from the glass with which only absorption coefficients merely differ. If the 
refractive index of a plano-concave lens and a plano-convex lens and the Abbe number are the same, the flux of light cannot be 
refracted by both plane of composition, and an apodization filter can be dealt with as a monotonous filter which gives only a 
permeability distribution. 

[0052] The example which created the apodization filter is shown in the following tables. Moreover, the cross section of the 
apodization filter of an example is shown in drawing 1 1 . Among drawing 1 1 , an apodization filter comes to join a plano-concave 
lens 1 and a plano-convex lens 2, and an effective radius is 1 5.5mm. Furthermore, the graph of the design data of permeability 
of the apodization filter of drawing 1 2 1 tau (h) is shown 
[0053] 
[Table 1] 

[MJtlffiMn] [JB*r¥] OvtR] [&<5fli»1 

Hi oq 

T1 0.35 N1 1.507 i/l 59.0 a 0.55 

R2 20.5 

T2 9.28 N2 1.507 vt 59.0 

[0054] In addition, an apodization filter can be obtained also by carrying out the vacuum evaporationo of the absorber, or 
exposing so that sensitive material may be applied to a transparent glass plate and it may become predetermined concentration so 
that it may have a predetermined distribution on the transparent glass plate other than the above-mentioned composition. The 
apodization filter created by these methods has the merit that thickness of a filter can be made thin. However, since the film 
pressure of an absorber and sensitive material changes with incidence quantities according to a permeability distribution the 
apodization filter created by these methods has the fault that the phase change of the flux of light occurs. Moreover the flux of 
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!m«1 S r 0 T? H1era jv' he P '! bl ! m "° SCattered abM with m absort,er md ">«mal, or is reflected 

ELtaTSdT»5°l a S s ' aem shou,d saUsW w 116 «"*"" fc *•>* — ™* 

0.1<phif/phi <2.0 (1) 

rooTS^n" f r£fraCtiVe ^ W6r u 0f ^ 1 S i. 8r ° Up ' and refractive P° wer «f Phi:whole system - ft comes out 
[0056] conditional expression ( ) - the order from a body s,de - the 1 st group and the 2nd group - since - they are the 

™ H **^- lens ^ stem e ™> e d with the apod.zation filter arranged neS drawing and Z drZ™ at the 1 st 

1st vlZktt ?nH St Sh ° Uld S f Sfy f ^ takmg - lenS ^ Wluch P erfoims floaungwhich charfgeTS mte^l 
of the 1st group and the 2nd group and moves the whole system to a body side It becomes [ rectifying the spherical aberration^ 

, S ] "I f ^ 1! n0t d£Sirable ^ 016 Wr lunit * conditional express on (1) is LxJS^iteSSlIt 

ctSnal^sLnO 
[0057] 

- 0.3<Phi B/phi <5.0 (2) 

however, phib: - the refractive power of the 2nd group - it comes out 

ESs^oun ( 2 H C ° nditi0nS ^ 2nd ^ Sh ° uld be Satlsfied t Wlth bottom °f the conditions with 
2E™£f ^ P ? f ? C . aforementloned conditional expression (1) ] of conditions. It becomes [ rectifying comatic 
aberration ] insufficient and is not desirable, while it will become superfluous rectifying the spherical alSntfSe whT 

[0059] 

1.01<If/Ib<3.00.... (3) 
[0061] 

0.5<phil/phi< 1.5 (4) 

^nZ eT A ph P : " ^ refractive P° we r °f ^ 1 st group - it comes out 

J0062] Conditional expression (4) sequentially from a body side The 1st group, the 2nd group and the 3rd eroun Tt i« th, 

mter arranged near draL/and this d^E£2 S^t group 

mmmmm 

- 2.0<Phi2/Phi< 1.5 (5) 

mnT7^ Ph ! 2 - : "" * e refractive P° wer of the 2nd group - it comes out 

-0.5<Phi3/Phi<3.0 (6) 

Ph j 3: " ^ rCfraCtive P ° Wer ° f±e 3rd ^"P " 't comes out 
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1^21 7 er ?"° US Techfym * f hencal aberration, if the lower limit of conditional expression (6) is exceeded. On the contrary it 
ST . [ r^" 8 C ?r UC ^ en " atl0n ] su P erfluous is not while it will become insufficient rectifying the 

spherical aberration of the whole system, if the upper limit of conditional expression (6) is exceeded. Moreover if the upper limit 
of conditional expression (6) is exceeded, the amount of floating will also increase, and the whole system will be enWged 

1.01<I1/I3<2.50 (7) 

1.01<I2/I3<2.50 (8) 

however II : - the movement magnitude in the case of focusing from an infinite distance focus state to the contiguity photography 
Us ance focus state of the 1 st group, and 12: - the movement magnitude in the case of focusing from an infinite SSSeto 

focus n LT^f ?Tf flPhy , dlSt3nCe f ° CUS StatC ° fthe 2M «* I3; - ** m « magnitude^ Z ^oT 

SSSfrSTf f dlStan ^ f0C " S State to * e ««^uity photography distance focus state of thefrd group - it comes out 
2 h n±h ? n T ^ r 1 (8) "* ^ COndltl ° nS Wluch should be satisfied [ ™th an amendment sSce 1 ofTav nature 

SS^JTS I??6Wf Wh ^T ^ ^r d r nS ^ WWch ° f ^ ^rementioned condiS 

expression 4), (5) and (6). If conditional expression (7) and the lower limit of (8) are exceeded, in the whole system it becomes 
[ rectifying the method nature comatic aberration of outside ] insufficient and is not desirable. On the contrary Siuonal 
expression (7) and the upper limit of (8) are exceeded, the amendment effect of the method nature 

nS^ 
[0069] 

0.5<(ra-rb)/(ra+rb) <15.0 (9) 

however the radius of curvature of the image side of a biconcave lens in case an image side consists of a biconcave lens a 
positive lens and a positive lens from the radius of curvature of the body side of a biconcave lens in case a^^Lsts of 
SJSSfSSS' a 1 P ° SltlVelen % f? d " 1 P° slt j ve len * from ra:apodization filter, and rb.apodizauon filter ZS out 
[0070] Conditional expression (9) is shape factor of a biconcave lens in case an image side consists of a biconcave lens a 
positive lens and a positive lens from an apodization filter in the taking-lens systemthich has an apodLa ~ r Slower 
fiTn , T d *? reSS T P 18 eXCeed6d ' h WiH beCOme superfluous rectifying the spherical LZ^ ZTof 

field of the whole system, and the amendment will become difficult. On the contrary if a upper limit is exceeded ffron^r 
part nature comatic aberration will occur, and rectifying will become difficult limit is exceeded, strong lower 

AT?/ *l W3y '. U ? ° rd f t0 f e * effect of apodization even on an axial outdoor daylight bunch it is required to lessen 
KERARE of toe axial outdoor daylight bunch of the whole system as much as possible. In order to make not derate KERARF 

^ 35 f ° r ^ 3Xial OUtd °° r d ^ t bunch Wlth a ^ fieW a part will 
mat K^R V*V*Sh an ap f^ atl0n According to the effect of apodization, the side in which the out-of-focus 
r , S e 3 Part ^RA^ **** b y tne apodization filter serves a KERARE ** side as usual 

m^M^inZT^ ^ U T B T i ^ OUt -° f - fOCUS ^ WlU be fomied «* 11 becomes^unnaut ' 
[U072] Moreover, in the taking-lens system which has an apodization filter, image quantity y 1 and when it considers as the 

— ™? Y --> » y'=0-5 Ymax, it 1S required to satisfy 80% ormore of m^sX ■ nZZ^sT 

y =0. 5 Ymax if an image surface illuminance is less than 80%, an unnatural out-of-focus image will be geSed the effect of the 

effective apodization which carries out the flux of light pair outside a shaft is not not only acqu ired, b^^^^oSbS ^ 

[Example] Hereafter construction data, an aberration view, etc. are mentioned and the taking-lens system concemine this 

ZTTJnT f U m ° re COnC ? ely - m addltl0n ' ^ 1 " WtUCh mentl0ned above ^ next LiS 5 - une^optation 
St^SS," C ° mSp0n ^ ^ 1 - the lens plot plan showmg the 5th operation gestalt 1S ^T^" 

lens composition of the corresponding examples 1-5 ^ & 

SSET P1 h ri f ^i^- )i S comtedfromabodys.de.Theradiusofcui^atureofthei-thfield di (i= 1 2 3 ) is 
counted from a body side, shows the i-th axial upper surface interval, counts nickel (i= 1 2 3 } and nui (i- 1 o \ \ t„ "° 

?0°075 S ] ' S refr3CtiVe ^ "* ^ AbbC nUmber t0 d line 0f * e or a filter ( ' ' ' ^ ^ " 

[Table 2] 
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<X«M 1 i 

t=135.0 FNO=2.8 



ri 54.4-92 






17 •>■<•<»] 


rt 


591 .895 


dl 


10.001 


N1 


1 .72000 


v\ 50.31 


r3 


49.708 


d2 


0.250 








r4 


78.066 


d3 


10.501 


HZ 


1 .71700 


vt 47.88 


rS 


670.833 


d4 


3.300 








re 


35 . 1 70 


as 


2.801 


N3 


1 .75520 


1/3 27.51 


r7 


<*>(«0) 


as 


8.000 








re 


CO 


d7 


2.000 








r9 


CO 


d8 


8.000 


N4 


1 .51823 


V* SB. 96 


no 


-3B0.274 


d9 


7.000 








r 1 1 


60.0IS 


dlO 


2.840 


N5 


1 .86755 


KS 41.98 


r 1 2 


84.000 


dti 


6.005 








r 13 


-906.832 


dl2 


6.010 


N6 


1 .71700 


v 6 47. B6 


rH 


154.940 


di3 


1 .000 








r 1 & 


-174.855 


dU 


5.006 


N7 


I.666CB 


1/7 47.95 



[0076] 
[Table 3] 

f =135.0 FNO=2.8 



I 

ri 


[63**6] 
74.529 






17 v t«] 


r2 


501 .457 


dl 


8.105 


N1 


1 .74400 


v 1 


44.93 


r3 


58.729 


d2 


0.400 










r4 


-342.594 


d3 


18.878 


N2 


1 .82280 


k2 


58. 8B 


r5 


88.127 


d4 


3.608 


N3 


1 .61659 


1/3 


36.61 


r6 


751 .859 


dj 


4.912 










r7 


41 .853 


ae 


3.228 


N4 


1 .74000 


1/4 


28.24 


r8 


»[«0) 


d7 


5.400 










r9 


oo 


d8 


1.350 










no 


no 


d9 


a. ooo 


N5 


1 .51823 


vS 


53.98 


r 1 1 


-39.421 


dlO 


B.740 










r)2 


-44.979 


dl l 


8.890 


N6 


1 .71736 


ve 


29.50 


rl3 


129.471 


d12 


0.270 










rl4 


-197.719 


dl3 


8.005 


N7 


1.60311 


vl 


60.74 


rlS 


1000.000 


d14 


0.300 










na 


-400.000 


d15 


4.000 


N8 


1 .66606 


vS 


47.95 



[0077] 
[Table 4] 
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3) 

f=l 35.0 FNO=2.B 



ri 


54.303 


[M-hmmM] 


CHS*] 






r2 


1157.220 


dl 


13.018 


N1 


1 . / cUUU 


1/ 1 


52 . 14 


r3 


46.959 


d2 


0.250 










r4 


102.841 


d3 


8.022 


N2 


1 • 69350 


v 2 


51 .83 


r5 


560.397 


d4 


3.000 










r6 


35.170 


d5 


4.025 


N3 


1 .75520 


v 3 


27. 51 


r7 


«(»9) 


ae 


9.000 










re 


oa 


d7 


2.00D 










ri 


oa 


d8 


8.000 


N4 


1 .51823 


V* 


58.96 


no 


-113.347 


d9 


7.000 










rll 


47.730 


dlO 


2.839 


N5 


1 . 74400 


vS 


44.93 


r12 


73.206 


dll 


6.004 










rl3 


-195.000 


d!2 


6.009 


N6 


1 .7)700 


v6 


47.86 


rl4 


154.940 


dl3 


1 .000 










M5 


-174.858 


d!4 


5.006 


N7 


.66608 


vl 


47.95 



[0078] 
[Table 5] 

r=l35.0 FNO=2.8 



ri 


57.222 


[MEDIUM] 




[7>1»] 


r2 


1463.443 


dl 


13.001 


NI 


1 .72000 


kl 52.14 


r3 


49.023 ■ 


d2 


0.2S0 








r4 


1 10.073 


d3 


8.000 


m 


1 .71300 


v 2 53.93 


r5 


343.160 


d4 


2.300 








re 


35.170 


d5 


4.000 


N3 


1 .75690 


vi 29.69 


r7 


oo 


d6 


1 1 . 000 








re 


00 


d7 


8.000 


N4 


1 .51823 


f4 56.96 


r9 


"(BO) 


ds 


I.OOO 








no 


-57.450 


d9 


7.000 








ni 


80.714 


dlO 


2.329 


N5 


1 .66755 


vi 41.98 


rl2 


280.558 


dll 


S.OOO 








rt3 


-88.734 


d12 


5.000 


N6 


1 .67003 


v6 47.15 


rH 


61.656 


d 1 3 


0.230 








r15 


-195.000 


dl4 


6.000 


N7 


1 .72900 


v7 53.48 


r 16 


-1589.850 


dl 5 


1 .000 








rl7 


79.868 


die 


2 .002 


N8 


1 .72000 


vS 52.14 


rl8 


165.821 


dl7 


2.000 








rl9 


1 11 .926 


d18 


3.502 


N9 


1.66998 


1/9 39.23 


r20 


H2.970 


di a 


2.000 








r2l 


-150.321 


d20 


5.501 


N10 


.66892 


LS10 45.01 



[0079] 
[Table 6] 
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f*H0! 5} 

t=100.0 



FN0=2.B 



[ 

rl 


48.804 




tosf*j 


17 5"<_t] 


r2 


749.732 .. 


dl 


12.000 


Nl 


1 .72000 


i/l 50.31 


r3 


37.876 


d2 


0. 185 








r4 


92.244 


d3 


7.000 


N2 


1 .72000 


vl 54.71 


rS 


250.110 


d4 


2.083 








r« 


29.052 


d5 


2.983 


N3 


1 .75680 


vi 29.69 


r7 


oo 


d6 


B. 148 








re 


oo 


d7 


8.090 


N4 


1 .51823 


v* 58.96 


r9 


<»[»»>) 


d8 


1 .000 








no 


-48.249 


d9 


5.000 








r 1 1 


76.499 


dl 0 


2.095 


N5 


1 .66755 


k5 41.93 


M2 


423 . 582 


dl 1 


3.704 








M3 


-74.053 


d12 


4.000 


N6 


1 .67003 


KB 47.15 


rl4 


60.477 


d13 


0.170 








rl5 


-144.444 


d14 


5.000 


N7 


.72900 


vl 53.48 


ne - 


1178.162 


d15 


0.741 








r17 


59.160 


die 


1 .484 


N8 


.72000 


vB 52.14 


ne 


122.825 


d17 


1 .481 








r!9 


82.907 


d1S 


2.584 


N9 1 


.66998 


V9 39.23 


r20 


105.903 


di9 


1 .481 








r2l 


-93.071 


d20 


5.000 


N10 1 


.71700 


v 10 47.86 



example are shown in the t^Z^^^St^^Z^ * ^ by the side of a body in each 

beta=l/4, and examples 3-5 in the fxamp es 1 2d 2 ' ^ ^ fact0rs beta ■» b eta=l/2 in 

[0081] y 



[Table 7] 

7 O — T < Sir?— fr 







- *«*«)*»* 


SBlR »2fif »3if 


n&m i 


dl3: J. 000— 9.358 


33.43 


318012 


dH: 0. 300— 11. 760 


38.48 26.75 




AS: 9.000—6.980 
dl3: 1.000—9. 180 


40-9 0 4 2.94 34.76 




da: 11.000-6.130 
dl3: 1.000—21.100 


47.44 60.31 40.21 


*mm5 1 


dl5: 0.741-15.194 


48.18 33.72 



[0082] Furthermore, the refractive power of the lens group of each example 1S shown in the following tables. 
[Table 8] 
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«12 03 




0.00277 0.00806 








0.00747 -0.00878 0.00806 




0.00700 0.00830 -0.00180 


ajs as 





photography distance focus state, ^JZ^^^^:^ f "Tv *™ ^ m a 

sequentially from the left In a spherical-aberalinn *2 7 ° 0m Tu tos P hencal aberration, astigmatism, and distortion 
respectively. [ as opposed to dK^.SSiZ^^^'^ ^ ■ **** ^ SC CXpress sine C0nditl0n > 
expre^east lgm a P L 

CD (3), and examples 3 and 4 satisfy 

of each condmona, expressior us ZS S^XS^ eXPreSS1 ° n W ^ 6Xamp,eS 1 « nd 3 The Value 

[0086] 

[Table 9] 







SJ5SI2 




nmm* 




5&W=iC ( 1 ) 


0.37 


o.so 






1.46 


*H=JC (2) 


1.09 


0.31 






-0.02 


ifcltSt (3) 


1.25 


2.56 






1.43 


ifcPFiC (4) 






1.01 


0.95 




Afrit (5) 






-0.91 


0.85 




(6) 






1.09 


-0.24 




*&St (7) 






1.18 


1.43 




awa (8) 






1.24 


3.50 




*WiC (9) 


1.38 




Z.45 







[0087] 

by which the out-of-tas ^ ^tStt C ™ bC C0 * ercd ' mi * e P™*"* tdctag.fcn. Vm 



[Translation done.] 
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